Ubiquitin-proteasome system and ER stress in the brain of diabetic rats.
The ubiquitin-proteasome system (UPS) has been implicated in the pathogenesis of many neurodegenerative diseases. Endoplasmic reticulum (ER) stress is shown to play a pathological role in the development of diabetes and its complications. Hence, the current study is aimed to investigate the role of UPS and ER stress in the cerebral cortex of diabetic rats and examine the therapeutic effect of 4-phenylbutyric acid (4-PBA), an ER stress inhibitor. Male Sprague-Dawley rats were divided into three groups: control, diabetes, and diabetes plus 4-PBA treatment group. Diabetes was induced by single intraperitoneal streptozotocin injection (37 mg/kg body weight [bw]), and 4-PBA was administered (40 mg/kg bw/d, intraperitoneal) for 2 months, starting from 2 months of diabetes induction. At the end of 4 months, cerebral cortex was collected for analysis. Declined proteasome activity and ubiquitin C-terminal hydrolase (UCH)-L1 expression, increased ubiquitinated proteins, and apoptosis were observed in the diabetic rats. The expression of the ubiquitin-activating enzyme E1, UCHL5, and ER stress markers (ATF6, pPERK, and CHOP) was markedly elevated, whereas the expression of ER-associated protein degradation (ERAD) components was downregulated in the diabetic rats. 4-PBA intervention attenuated ER stress, alterations in UPS, and ERAD components in diabetic rats. Importantly, neuronal apoptosis was lowered in 4-PBA-treated diabetic rats. Our observations demonstrate that altered UPS could be one of the underlying mechanisms of neuronal apoptosis in diabetes and chemical chaperones such as 4-PBA could be potential candidates for preventing these alterations under hyperglycemic conditions.